A quarter century has passed since electrophysiological studies of the homotypical cortex in waking monkeys began. These are made as monkey subjects emit behavioral acts sufficiently complex to qualify as those generated and controlled by the "higher" functions of the neocortex. The general experimental plan is an extension to the study of higher functions of an approach proven successful in earlier studies of the neocortical mechanisms in sensation and perception, and the control of movement. The early phase of exploratory experiments on the homotypical cortex has now given way to more precise experiments, quantitative analysis, and model testing, and it is clear that we can look forward to a rapid acquisition of knowledge of these complex neocortical operations. If progress during the early phase was less rapid than had been hoped for, the reasons are easy to find. At the experimental level the linkage between behavioral events and neural activity in homotypical cortical areas is always less precise than in primary areas; in many cases it is conditional in nature and influenced by central state functions of the brain, and interpretations are plagued by the ever difficult transition from causation to causality. Interpretations are always beset by varying concept: command or re-afference, attention or neglect, active intention or passive reception, and so on? Indeed, the neurophysiologist who ventured into the homotypical cortex in the 1970s entered a foreign country in which new and unlabeled neural events were encountered at every turn, or rather, in nearly every microelectrode penetration! This issue of Cerebral Cortex brings together a number of descriptions of these new studies of the homotypical cortex, restricted to a sample of the many now underway on the posterior parietal cortex. I preface them with an account of my own adventures into the parietal lobe, now long ago.
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My Adventures in the Parietal Lobe

Edward Evarts and tbe Transition to tbe Waking Monkey Experiment
Given a highball or two even the most reserved of scientists may be persuaded to reveal a tale of serendipity in research, often with some embellishments that add measurably to its telling. I have observed this quite often among the high priests of molecular biology, and even on rare occasions among my colleagues in neuroscience. I assert, however, that the following is a true account of my first adventures into the posterior parietal cortex of the waking monkey. Many living witnesses impose constraint.
It began on a bright Monday morning in April of 1968. I had spent the previous Friday visiting my friend the late Edward Evarts, watching as he recorded the activity of neurons in the motor cortex of a waking monkey as the latter executed motor tasks. I had left Bethesda somewhat despondent, for I saw difficulty in delivering mechanical stimuli in a precise way to the glabrous skin of the hand of a waking monkey.
That Monday morning changed it all. I glanced down the hall from my laboratory in Baltimore to see none other than that same Edward Evarts striding toward me, his face wreathed in that wonderful smile, with a large wooden box on his shoulder. He had brought me all the gadgets required for recording from the waking monkey. With that encouragement I could not do otherwise; I used his gifts for a year, and began a long series of adventures.
Technical Preparations, and Our First Study of tbe Somatic Sensory Cortex in tbe Waking Monkey
The next two years were filled with technical and behavioral development, particularly with William H. Talbot, that genius of the computer-controlled laboratory experiment (with an original line, memory = 1000 bytes; and only later a PDP); with Robert H. LaMotte, whom I am convinced can read monkeys' brains and train even the most cantankerous one to execute difficult tasks; and with an extraordinary engineer, John Chubbuck. Thus, with improved methods we began to record the electrical signs of the activity of single neurons in the postcentral somatic sensory cortex of monkeys as they executed sensory tasks, in this case the detection of a sine wave mechanical oscillation at the flutter frequency (10-40 Hz) superimposed upon a 0.5 mm step indentation of the glabrous skin of the hand. All went well, and by the summer of 1970 we had established a correlation between the increasing probability of correct detection with increasing stimulus amplitude, and an increase in the cyclic entailment of the cortical neuronal activity at the stimulus frequency (see Figs. 1, 2; Carli et al., 1971a,b) . Alas! When we examined neuronal responses to stimuli detected only 50% of the time, we found no differences between those evoked by stimuli detected and those missed! Where was the critical neural event upon which detection depended?
Transition to Study of tbe Posterior Parietal Areas
Thus, it was more in frustration than in a planned experimental foray that on 8 September 1970 in monkey BM 19 we (Robert LaMotte, now at Yale University; Carlos Acuna, now at the University of Santiago de Compestella in Spain; and I) suddenly changed the locus of recording from the postcentral somatic sensory area to the posterior parietal homotypical cortex, first on that day to area 5, and a few months later to area 7. What we observed in those exploratory experiments determined my experimental life for fifteen years: neurons that were active if and only if the animal "had a mind" to deal with the stimulus in a behaviorally meaningful way! In area 5, there were neurons active when the animal projected his arm toward a target of interest, but not during random arm movements; and neurons active when the animal worked with his fingers to extract a morsel of food from a recess, but not during other hand actions like pinching (we called them "winkle neurons"). Quite different sets of neurons appeared to drive the transport and grasping phases of reaching movements. Other sets of neurons were activated by joint rotation, more intensely during his active joint rotations than when the joints were rotated passively Rgnn 1. Results obtained in study of the postcentral somatic sensory cortex of a monkey as he worked in a flutter detection task. Stimuli were delivered to the glabrous skin of the hand in the arrangement shown in figure 1 A, Impulse replicas of a cortical neuroa Each line was obtained during a single trial; each short upstroke indicates the instant at which the neuron discharged an impulse. Peak-to-peak amplitudes of the mechanical sinusoid imposed on a 500 (jjn step indentation of the glabrous skin are shown to the right Trials at different amplitudes were sequenced randomly. Trials are separated into those detected (W75) and those not detected (M/SSfS). B, Analysis of power in the neuronal signals by Fourier shows growth of the first harmonic pan passu with the increasing certainty of correct detection. However, analysis of hits and misses at the 50% point of detection revealed no difference. Data from Carli et aL (1971a) . leaving open for the time being the question of whether they played an active role in visual perceptions. The major source of information about the putative functions of the parietal systems was in the descriptions of patients with lesions of the parietal lobe (Critchley, 1953) . I began to attend the neurological ward rounds in the hospital, and soon my colleagues Guy McKhann and Richard Johnson showed me a patient who had sustained a vascular lesion of his right posterior parietal cortex, and who displayed all the classical signs of optic ataxia and contralateral neglect. He loudly complained of a foreign arm in his bed-it was his own! I followed this patient's history, and observed his remarkable degree of recovery, such that one year later it was not easy to demonstrate either his neglect or his optic ataxia. This was of great interest to me in relation to the function of distributed systems. I obtained and reviewed all the case histories in the Johns Hopkins Hospital filed under the label "parietal lobe syndrome," and I reviewed the relatively sparse literature on studies of the effects of parietal lobe lesions in nonhuman primates, as well as that describing the connectivity of these regions. These reviews provided a base for a scries of studies of the parietal lobe system I then carried out with a succession of extraordinarily able collaborators, in temporal sequence: W. H. Talbot, R. H. LaMotte, C. Acuna, J. C. Lynch, H. Sakata, A. P Georgopoulos, T. T. C. Yin, B. C. Motter, C. J. Duffy, R. A. Andersen, M. A. Steinmetz, and A. K. Sestokas.
These exploratory experiments indicated how useless it was to study the posterior parietal cortex in a qualitative way, or with the standard sensory stimuli available to us. John Chubbuck designed the test apparatus shown in Figure 3 . This provided a target light carried on a car moved at different speeds for selected arcs of the circle, all under program control. We then studied the reach neurons of areas 5 and 7, as the monkey made arm projections at different angles for the same distances, and tracked the moving target with eye and hand. For the reach neurons we also combined the tactile stimulator of Figure 2 in the apparatus of Figure 3 , and discovered that the activity of a typical reach neuron is independent of the sensory channel-somesthetic or visualevoking the movement, in both a lighted and a darkened environment. This was at least for us compelling evidence that in areas 5 and 7 we dealt with a higher order of cortical function than we had hitherto encountered, and that our deeply embedded concepts derived from studies of primary sensory areas were too simple for the new tasks. We managed some preliminary reports in 1973 (Lynch et al., 1973a,b) , but our first full-length report was delayed until 1975 (Mountcastie et al., 1975) .
Several things became clear early in our studies: first, drat it is possible to study the higher functions of the brain in nonhuman primates, but only if the complex properties of the homotypical cortex are matched by equally complex behavioral tasks, and that quantitative studies under controlled conditions are essential; second, that although the properties of posterior parietal neurons do provide a limited positive image of the defects of the parietal lobe syndrome, the functions inferred are embedded in dynamic neuronal processes in widely distributed systems of the forebrain, in which the parietal lobe is but one of several essential nodes; third, what is important for experimental design, that in any given experimental arrangement one cannot study quantitatively all of the many classes of parietal neurons, perhaps at best only two. This makes especially acute the ubiquitous sampling problem that dogs all electrophysiological studies of the cerebral cortex, and emphasizes that conclusions drawn from any small sample of neurons are especially hazardous. This is, I believe, the explanation of why in so many cases different investigators describe populations of parietal neurons with quite different properties, even though recording from what are putatively the same areas of cortex. These differences provide no grounds for polemic controversy.
Cerebral Cortical Mechanisms in the Transport Phase of Directed Reaching
Psychophysical studies of reaching and grasping in humans and in nonhuman primates have documented the decomposition of reaching to a target into a transport phase of projection of the arm and hand, and a grasping phase in which the hand adapts to the spatial contours of the target. Studies of this sort have been made in many laboratories, and with par-Figaro 1 Drawing of a Macaca arctoides working in the test apparatus used in our first studies of the reach, hand manipulation, fixation, and tracking neurons of the posterior parietal cortex. The head-fixation apparatus, implanted microdrive, cathode follower, and reward tube are shown upper left The signal key is seen through the cutaway of the circular race. The animal has just released the key with his left hand and projected his arm and hand forward to contact the light switch mounted on the moving carriage, upper right The carriage could be moved from any preset position in either direction at speeds of 12 or 21 degrees/sec for preset distances. All parameters were under PDP 11 control. Drawing by Mrs. L Bodian, from MourrtcasfJe el al. (1975) , reprinted with permission. ticular elegance and insight by our colleagues in France, particularly by Paillard (1982 Paillard ( ,1991 , Jeannerod et al. (1988 Jeannerod et al. ( ,1996 , and Perinin and Vighetto (1988) . These two phases have been selectively damaged by lesions located in different parts of the parietal lobe in human subjects.
It was the perceptive insight of Georgopoulos that visually guided reaching movements of the arm could be studied in the waking monkey experiment, both for the immediate problem of the motor and premotor cortical activity controlling directed reaches (Georgopoulos et al., 1982 (Georgopoulos et al., , 1986 Georgopoulos, 1991; 1994) , and for the more general problem of the sensory-motor interface, in this case the population codings between the parietal and frontal lobe mechanisms involved. He used a directional vector to define the population signal in the motor cortex driving reaching movements, a method devised by K. O. Johnson, and it was Georgopoulos who observed neuronal activity directly correlated with a silent and unexpressed "mental" activity, mental rotation (Georgopoulos et al., 1989) . Since then research on the posterior parietal and motor cortical mechanisms in reaching has reached a level of sophistication rarely matched by any other body of neurophysiological studies of the neocortex in waking monkeys.
The problem of the neural mechanisms in reaching to visual targets opened for study several major themes in the physiology of the neocortex. How are precise signals for action generated in a population of imprecise neural elements? How are the neural signals for different parts of a complex action-like the transport and grasping phases of reachingprocessed in parallel in different parts of a widely distributed system, yet finally converge (but never to a single point) to drive a smoothly phased temporal evolution of the action? How are different neural operations composed in different frames of reference, yet coordinate transforms between them achieved? Understanding of these matters is still incomplete, but the major problems are all in play in the experimental arena, and discoveries flow in rapid succession from many laboratories. This area of research has been characterized by an unusual convergence of psychophysical, anatomical, neurophysiological, and modeling methods and concepts that accounts in large part, I believe, for the rapid progress that has been made (for reviews, see Jeannerod, 1988; Paillard, 1991) .
Some aspects of the role of the posterior parietal cortical areas in reaching to visual targets are described in three articles, two in this issue of Cerebral Cortex.
In an article in a forthcoming issue of Cerebral Cortex, Caminiti et al. (1996) will provide a review of a host of new studies of the neural connections between several recently defined areas of the posterior parietal cortex. The results described resolve a long-standing problem in understanding the cortical mechanisms in visually guided reaching. That is, that while projections are known to link area 5 to the dorsal premotor area of the frontal lobe, and also directly to the motor cortex itself, no connections had hitherto been shown to link the visual mechanisms of the inferior to the motor mechanisms of the superior parietal lobule. The new studies made with tracing methods have now revealed strong projections from the prestriate and posterior parietal visual areas to a more medial parietal area, PO, which projects forward upon the region of area 5 lining the anterior bank in the medial portion of the intraparietal sulcus. This provides the link from the visual to the somesthetic and motor mechanisms involved in visually guided reaching. It is of special importance, for a major class of visual neurons of area 7a is optimally suited by virtue of its motion and directional sensitivities to guide the movement of the arm through the periphery of the visual field during the transport phase of visually guided reaching .
The cortex of area 7a lining the posterior bank of the intraparietal sulcus in its more medial extent contains a significantly large population of reach neurons. These resemble those of area 5, described above, but differ in that they are more likely to be active with reaches of either arm (Mountcastle et al., 1975) . MacKay (1992) has studied these cells and observed that when "bilateral" reach neurons have a directional preference, that direction is similar for the two.
Lacquaniti et al. (pp 391-409 in this issue) present a new and penetrating analysis of a population of reach neurons in area 5 studied in Caminiti's laboratory, in the three-work-space arrangement shown in their Figure 1 . They show that the directional vector tuning is much less precise for the parietal population than it is for neurons of the motor and premotor areas of the frontal lobe. For example, only 22% of parietal reach neurons fit the directional vector model for all three of the cubed work spaces, versus the 75% of motor cortical neurons that do so. Moreover, when a parietal neuron is directionally tuned in at least two of the work spaces, the preferred directions for individual neurons change in an idiosyncratic way from one space to the next, with average but disorganized rotations of 50°. This contrasts with the motor cortex population, where the preferred directions change in a uniform and systematic way from one work space to the adjacent one, to a degree determined by the angular rotation of the shoulder required by the change.
Lacquaniti et al. base their analysis upon the results of psychophysical studies indicating that the transformation from sensory signals to motor commands for reaching movements is specified in a body-centered coordinate system. They then demonstrate that the activity of area 5 reach neurons is monotonicly tuned in a way encoding the start position of the hand, its movement through successive way points in space, and its final location at the target, all in a body-centered frame of reference probably centered on the shoulder. Several models were tested, and the spherical angular one centered at the shoulder achieved the best prediction of the experimental observations. A finding of considerable interest is a strong tendency for die individual spatial coordinates (whether angular or Cartesian) to be encoded in separate subpopulations of parietal reach neurons. This is a particularly concise example of parallel processing, for the total movement is signaled in quasi-separate populations, and I conjecture that these three never converge to any summing or nodal points, but engage directly the premotor/motor cortical mechanisms of the frontal lobe. This emphasizes the need for further study of the population-to-population interface in the sensory motor transformation.
All current and past studies of area 5 leave unresolved the question of its relative position and role in the distributed network controlling projection movements of the arm and hand to visual targets. Although the responses of area 5 reach neurons to passive stimulation of the contralateral arm are very weak, nevertheless 80% of those analyzed by Lacquaniti et al. were responsive at some level to such stimuli. Are we to conclude diat the area 5 activity is largely produced by sensory re-afference from peripheral receptors during movement, and used in some matching operation for correction of die actual to the intended movement? Unhappily, no separate analyses have ever been made of die 20% (or more) of area 5 reach neurons insensitive to sensory stimulation, nor of diose (are they die same?) shown by earlier studies of several investigators to remain active during visually evoked reaching movements after section of the dorsal roots.
On the assumption diat an area 5 reach neuron population exists Uiat is not driven directly from die moving arm, die question remains unsettled whether diat population is driven by a central reentry-and used for die matching operations described above-or whedier diat population is an essential node in die command operations linking visual signals of the target and motor cortical compositions of die reach movement. Measurements of relative timing of onset of activity in relation to movement onset may not setde die matter, for diey have usually been made in highly overtrained monkeys working in reaction time tasks. Indeed, Kalaska (1991) has now shown in studies using an instructed delay task diat die activity of reach neurons of area 5 consistendy leads diat of neurons of area 4, and Burbaud et al. (1991) found diat die "early" area 5 reach neurons lead all odier cortical neuronal populations active in reaching. It appears diat these time relations depend critically upon die task in which die animal is engaged.
It was Kalaska and his colleagues who first discovered that area 5 reach neurons are virtually unaffected by loads diat oppose die movements of die contralateral arm in visually guided reaching (Kalaska et al., 1990) . The area 5 population appears to encode movement kinematics, good evidence diat diey are not driven, or not driven only, by sensory re-afference during movement, for certainly diat afferent barrage will be changed markedly during load-opposed movements. Neurons of die motor cortical areas, by contrast, include many whose discharge is markedly changed by opposing loads, particularly under dynamic conditions (Evarts et al., 1983; Georgopoulos et al., 1992) . This dissociation suggests diat area 5 reach neurons are not driven by a centrally contained reentrant discharge derived from the motor cortex, although it does not rule out die unlikely possibility diat such a reentrant discharge might originate elsewhere. Kalaska and Crammond (pp 410-428 in tills issue) now describe another remarkable difference between parietal and frontal populations of reach neurons. They studied diese neuronal sets as monkeys worked in instructed delay tasks in which, cued by earlier appropriate signals for each trial, diey eidier emitted or witiv held movement at die end of die delay: die go/no-go paradigm. Bodi sets of neurons develop significant directionalities during die delay in go trials, but only die parietal neurons do so during no-go trials. The signal not to go appears to be inserted "central" to die parietal lobe, perhaps in die premotor and motor cortical areas. This provides further evidence against die central reentrant hypodiesis of parietal lobe function in visually guided reaching. In summary, a number of important discoveries have been made in recent years concerning die role of parietal lobe mechanisms in visually guided reaching movements of the arm. Neuroanatomical tracing studies have revealed a robust, multistaged projection linking the prestriate visual areas to die putative motor mechanisms of area 5 of the superior parietal lobule. The population vector describes die parietal activity during movement less precisely than it does for neurons of die dorsal premotor and motor areas of the frontal lobe. A model based on positional coding in a bodycentered reference frame anchored on die shoulder fits die activities of parietal neurons adequately. The tiiree dimensions of movement in diis space appear to be encoded by separate but overlapping sets of area 5 reach neurons. The demonstration of kinematic coding by die area 5 population and dynamic coding by die premotor and motor populations argues against the peripheral re-afferent explanation of parietal activity. A new experiment made in botii frontal and parietal areas as monkeys worked in instructed-delay, go/no-go reaching tasks exposed a second dissociation. The signal not to move appears to be inserted between parietal and motor populations, or perhaps in the motor cortical areas diemselves. Further progress will now depend, I suggest, upon development of accurate methods for identifying die types and laminar localizations of neurons from which recordings are made (Taira and Georgopoulos, 1993; Wilson et al., 1994) .
Cerebral Cortical Mechanisms of the Grasping Phase of Directed Reaching
Our first experiments on die posterior parietal cortex of die waking monkey yielded a number of unusual observations; among diem was die discovery of the hand manipulation neurons (HM) of areas 5 and 7 (Lynch et al., 1973a; Mountcastle et al., 1975) . HM neurons are virtually silent during the transport phase of visually guided reaches. They discharge intensely during the grasping phase, as the hand is molded to die target, or during odier exploratory manipulations. Our first observations of HM neurons were made as a monkey shaped his hand to obtain a raisin from a receptacle sllghdy smaller than die resting palm diameter (it was a 100 ml beaker). This activity was particularly intense when the receptacle was presented 15-20 cm in front of the face, associated with visual fixation of as well as manipulation for the food object. We soon discovered that the activity of the majority of HM neurons was undiminished when the animal's view of the target was occluded before arm release, and this became one of the defining characteristics of HM neurons. Other neurons of area 7, but not of area 5, are active only during visual fixation, and another set appears to sum the effects of visual fixation and hand manipulations.
Sakata and his colleagues have pursued study of the area 7 HM neurons, with results described in a series of reports (Taira et al., 1990; Sakata et al., 1992; Jeannerod et al., 1995) , and in Sakata et al., pp 429-438 in this issue. These investigators discovered that area 7 HM neurons are selectively tuned to several broad categories of the shapes of targets. Moreover, they found that certain of the special HM/visual fixation neurons referred to above are sensitive to the same shapes, whether viewed or manipulated. The spatial patterns selected appear to be very broad, with considerable overlap in selectivity for individual neurons. It is still unknown whether or not the selectivities observed are samples of a wide range existing a priori, though this appears unlikely. It remains to be determined whether the selectivity for objects in these experiments resulted from prolonged preexperimental training, and whether training with different objects might produce posterior parietal neurons with spatial selectivities fitting the form of the training objects.
The HM neurons studied by Sakata et al. were located in the anterolateral limb of the posterior bank of the intraparietal sulcus, in a region he calls the anterior intraparietal area, AIP. However, his illustrations show that more than 50% of the HM neurons studied were located in the lateral intraparietal area, LIP, a region studied by The zone of area 7 HM neurons is heavily and reciprocally connected with the inferior premotor area of the frontal lobe, where Rizzolatti and Gentilucci (1988) studied neurons with properties similar to those of area AIP. The inferior premotor area projects heavily upon the hand area of the motor cortex itself. How area AIP of the parietal lobe and the inferior premotor area of the frontal lobe are fitted into the distributed system controlling grasping is still uncertain. What is clear is that the two parietofrontal systems concerned respectively with the transport and the grasping phases of visually directed reaching are to a considerable degree independent until their final convergence upon the motor cortex. Yet the result is a smooth and neatly ordered sequence of skilled movements. How that conjunction is effected is a major subject for continuing study. Yin and Mountcastle (1977a) in our first study of ths visual neurons of the inferior parietal lobule. A laser beam is projected from above via stationary and galvanometer-driven mirrors upon the tangent screen placed 57 cm from the monkey's eyes. The beam spot (1 mm diameter) could be moved at speeds up to 380 degrees/sec, dimmed, and turned on or off all under computer control. For study of saccade neurons, the tangent screen was replaced by another containing 16 LEDs in a static spatial array. The If Ds could be turned on or off in a large number of spatial and temporal sequences. Drawing by Mrs. E Bodian, from Yin and Mountcastle (unpublished observations). Nevertheless, the general conclusion appears certain, that the transformation of the intrinsic spatial properties of objects-their three-dimensional form-into efferent signals driving a matching shaping of the hand takes place in a distributed system that includes parietal areas ATP and LIP, and the inferior premotor area of die frontal lobe.
The HM neurons of area 5, in the anterior bank of the intraparietal sulcus, have apparently not been studied further since their original description.
The Parietal Lobe System and Visuospatial Perception
It is an ancient problem in philosophy and psychology whether we perceive space as such, or, indeed, for some philosophers whether space itself exists outside our brains! These matters need not detain us here, except to say what is obvious, that we do not sense/perceive space as such. No sets of afferent fibers we possess are activated by "space." When a human subject is placed in a structureless visual surround, a ganzfeld, he is visually aware of only a gray, fog-like surround. We perceive space in terms of the spatial locations and relations between objects and events within that space, and the relations of these to our own bodies, and the relations between our body parts, and our relation to the direction of gravity. Thus, spatial perception requires the integration of signals in many different afferent systems, visual, vestibular, somesthetic, proprioceptive, auditory. And, we interpret these in relation to our stored and continually updated central image of the body form, what Head and Holmes called the "body schema," a happy metaphor disguising ignorance.
Tbe Parietal Lobe Syndrome
The syndrome produced by lesions of the parietal lobe system in humans is so well known it needs no detailed description. The feature attracting the attention of experimentalists is that it comprises a variety of disorders in the perceptual, attentional, intentional, and motor spheres, frequently without defects in what are loosely termed primary sensory and motor functions; that is, they are disorders of "higher functions." Given the variations in the locations and severity of naturally occurring lesions in human brains, quite different samples of the full panorama of defects appear in different patients. Briefly, there are disorders of attention with neglect of the contralateral body and immediately surrounding space, often with denial of neglect or indeed of any disease at all. Disorders of volition are common, with reluctance to move a contralateral body part but with retention of primary motor capacity. Errors are seen in both the transport and grasping phases of visually guided reaching movements of the arms into contralateral space, called optic ataxia. The disorders of visuospatial perception are striking, for many such patients cannot identify the spatial relations between objects seen, are defective in the topographical sense, and are unable to recognize or reach to even familiar objects in the periphery of the visual fields. There is a slowness in visual fixation of objects in the contralateral visual field, but equal difficulty in disengaging fixation once achieved, and in shifting gaze and attention to new objects. Many of these disorders have been produced in more pallid forms by parietal lobe lesions in nonhuman primates; that of optic ataxia has been easiest to produce and measure. It is important to emphasize that these disorders are produced by lesions in a widely and heavily interconnected distributed system (see Caminiti et al., 1996) in which the posterior parietal cortex is one of several nodes. Equally important is the fact we have known since the landmark report of Bisiach and Luzzati (1978) that information concerning the spatial surround is not irretrievably lost after parietal lobe lesions. The deficit is one of access. Bisiach et al. now describe, in their article on pp 439-447 of this issue, a dissociation between two forms of neglect: an ophthalmokinetic one associated with parietal lobe damage and a myelokinetic one associated with frontal or subcortical brain damage. 
Problems Posed in the Transition to tbe Study of Higher Functions
The first is the transition required in thinking from that appropriate for study of sensory and motor systems to a completely new arena. Here conditionality is prevalent, relations of neuronal activity to behavioral states and actions obscure, and powerful general state control functions affect both behavior and its relevant neuronal mechanisms. The latter are thought to result from the "integration" of a variety of afferent inputs with stored records of experience, and lead through states of intentionality to motor output. We found this transition difficult at first, and it is clear that some investigators are still in transition, while others retain the attitude that all neurons of the neocortex are either directly sensory or directly motor. A second problem is how do we define in neural terms what is meant by phrases like "the body schema," or "construct a viridical image of surrounding space"-a phrase I myself have used. One simple meaning is that all the particular elements required for such "neural constructs" must converge upon or reside in the memory-induced repertoires of different but overlapping distributed systems. Well and good, but what next? How is such a "neural construct" brought to and maintained in action, and how does it flow through stages of intentionality to output motor commands? I know of no way in which this central problem can be studied directly with presently available neurophysiological methods. Thus, for the time being, the most productive approach may be to close in on the problem by studying one by one things that can be identified as constituent elements. A third is the problem of spatial constancy: how are coordinate transforms executed, for example, from retinotopic to head to body to external space frames, or, as some believe, whether such transforms are needed at all.
NO-TASK MODE
A fourth is the problem of the direction and redirection of attention. Defects in attention are among the most obvious of the behavioral defects produced by parietal lobe lesions, and some scholars believe that all the defects can be interpreted as primarily those of attention. What have been observed until now in neurophysiological studies of the parietal lobe cortex in waking monkeys are the pervasive effects of attention, not its mechanism. Efforts to infer the latter from the former have so far been fruitless.
A fifth is the problem of visually guided reaching and grasping, which I have discussed above and which is undoubtedly at the present time the best understood of the many functions of the parietal lobe system.
Survey Studies of the Inferior Parietal Lobe Neurons
Our first systematic recordings in the inferior parietal lobule began in monkey BM 25, from 8 February, 1972 onward, first with James Lynch, now at the University of Mississippi, and Carlos Acuna, and later in a long series of experiments with other colleagues listed above. We encountered a new and for us unusual problem: a vast area of neocortex in •which we could make out no topographic pattern of any sort, and indeed, none has been discovered there to this day. It is remarkable that there is no topographic mapping of space in those cortical areas and systems preeminently concerned with spatial perception, as defined above, and for the generation of intentions and, conditionally, commands for visuomotor and somatomotor operations within that immediately surrounding space. The area contains different sets of neurons whose properties differ greatly; these sets are encountered in closely adjacent (1 mm or less) penetrations of the exposed cortical surface, and appear in en bloc sequences during penetrations made down sulcal walls, parallel to the cortical surface. We therefore undertook two survey studies, I and n of Table 1 , made in sets of apparatus shown in Figures 3 and  4 , for we quickly learned that what is called "clinical" examination is virtually useless in defining the functional properties of parietal neurons. We attempted to make those definitions for every neuron whose action potential we could bring under study.
The major classes we identified are listed in Table 1 : the fixation, oculomotor, reach/hand-manipulation, visual, and special neurons. However, no certainty attaches to the proportions of neurons in each of the classes of Table 1, save that each class is present in substantial numbers. There remained a very large number whose properties we could not define at all. The special class consists more often of neurons that combined the properties of two of the other classes, for example, oculomotor or reach neurons with visual receptive fields. These appear to have attracted considerable attention Figure 8 . Sinusoidal variation in the response of a parietal visual neuron to stimuli moving along radial axes through the visual field and across the fixation point, during a task requiring attentive fixation. The histograms show the time course of the change in discharge frequency during the inward {solid) and outward [operii halves of the 100° stimulus movement in each of the eight directions indicated. The mean and peak frequencies of discharge are plotted as functions of the directions of stimulus movements for both inward and outward halves of stimulus movement Solid lines connect data points; dashed lines show sine waves fitted to the data by periodic regression. Reprinted with permission, from Steinmetz et al. (1387) . from later investigators, so much so that some have been led to believe that they are the only class that exists in the inferior parietal lobule, where every neuron is said to possess a visual receptive field! While the special neurons may be more plentiful than our experience indicated, the suggestion that only they exist in the inferior parietal lobule is simply absurd. Visual fixation neurons increase their discharge rates with the visual grasping of desired objects, or of the surrogate target light in a trained paradigm. The increment is sustained until reward, then subsides even without change in the line of gaze. These neurons are inactive during fixations of bland objects in the surround. The gaze fields of fixation neurons are most often confined to a quarter or half of the visual field, the result of a powerful angle of gaze effect. Control experiments showed that fixation neurons are insensitive to visual stimuli per se. Nearly half of the fixation neurons are suppressed when fixation is interrupted by a saccade, and those suppressed are preferentially located in the infragranular layers. Thus, a superimposed saccade loosens the output fixation signal descending from the parietal cortex to brainstem structures (Mountcastle et al., 1975; Lynch et al., 1977) .
Two classes of oculomotor neurons were identified. Tracking neurons are active during eye pursuits of slowly moving objects, and are inactive during steady fixations. They are directionally oriented, are suppressed by a saccade superimposed upon the tracking movement, but are relatively insensitive to tracking speed. The saccade neurons are active before and during visually evoked but not spontaneous saccades; the discharge leads and peaks during the eye movement. Many saccade neurons are preferentially active with saccades directed contralateral to the hemisphere in which they are located. The discharge rate is relatively insensitive to saccade amplitude. A powerful angle of gaze effect Influences the activity of both classes of oculomotor neurons. Tracking neurons differ in discharge rate during tracks of similar length and speed located in different parts of the gaze field, as do saccade neurons for differently located saccades of equal amplitude and direction.
Special Studies oftbe Visual Neurons of the Iftferior Parietal Lobule
My colleagues and I then initiated a series of special studies of the visual neurons of the parietal lobe (Table 1) . We first mapped their receptive fields with small stationary stimuli, in the apparatus shown in Figure 4 (Yin and Mountcastle, 1977a,b) . We identified two classes of visual neurons. The first subtends large and frequently bilateral receptive fields, in which the loci of greatest sensitivity are at the far periphery, exempting the foveal-parafoveal regions. Class I neurons respond with mean latencies of about 80 msec, and adapt slowly to steadily maintained stimuli. Class D visual neurons respond at longer latencies (115 msec), subtend smaller usually contralateral receptive fields in which the most sensitive loci are near the center of the field, and are enhanced when the stimulus becomes the target for a saccade. Of the first 98 receptive fields mapped, not a one included the foveal region.
Our attention was riveted by the large class I parietal visual neurons (FVNs), for their properties indicated that the representation of the visual world in the inferior parietal lobule differs strikingly from that in the temporal lobe component of the transcortical visual systems. We studied them in the apparatus shown in Figure 5 . PVN receptive fields are frequently large, bilateral, exempt the fovea, and cover from a quarter to-in the limit-the entire visual field, from one monocular rim to the other . Bilateral receptive fields of this extent are not known to occur in any of the way-stations between the striate cortex and the inferior parietal lobule, so that the interhemispheric convergence required to construct them must occur within the inferior parietal lobule itself. Such a field is illustrated by the impulse replicas and radial histograms of Figure 6 , which illustrates also another unusual property of PVNs: they are ex- quisitely sensitive to stimuli moving inwardly or, for a different set, outwardly across the rim of the visual field. And, they respond rather indiscriminantly over a wide range of stimulus speeds .
We then discovered the powerful effect of attentive fixations upon the excitability of PVNs: the absence of a response in the foveal-perifoveal region is produced by an active and powerful suppression, associated with an equally strong facilitation of the responses to moving stimuli in the field periphery (Figs. 6,7; Mountcastle et al., 1981) . Thus, the effect of attention upon the parietal system is reciprocal to that it exerts upon the striate-temporal lobe component, for in the parietal system there is a suppression of response to the object fixated, and a strong facilitation of response to novel stimuli appearing in the periphery. Thus, the head of the attending primate is surrounded by a halo of high sensitivity to moving objects entering or leaving the visual field, a mechanism of great survival value to primates who spend long periods of time in intensely attentive close-in hand and eye work, for example, the monkey during feeding. This effect also provides a suitable neuronal base for the flow field guidance of locomotion, and perhaps also for the illusions of vection. Indeed, we observed in unpublished experiments that when balanced symmetrical stimuli are delivered along the same axis, for example, inwardly pairs of stimuli moving along the horizontal meridian, they may together evoke no PVN response at all, when either alone evokes a vigorous one: a null detector mechanism for signaling symmetrical flow on either side of the head during linear advance. Steinmetz and Constantinidas describe, in their article on pp 448-456 of this issue, the results of an ingenious experiment in which they have been able to dissociate under wellcontrolled conditions the line of gaze and the line of attention. Their result is that the central suppression and facilitatory surround are anchored to the line of attention, not that of gaze.
It is obvious from their huge receptive fields that any single PVN can provide only a very inexact signal of a stimulus moving across the visual field periphery. This is shown by the analysis of Figure 8 , which reveals the neat fit to the sine function of the intensity of responses to stimuli moving along different radial axes. This allows one to define a best direction for such a neuron along a preferred radial axis, but shows also what an imprecise signal it is, for stimuli moving along axes at 90° on either side of the best direction evoked responses at 50% of that evoked by the stimulus at best direction. We therefore applied to the population of PVNs the vector summation analysis devised by K. O. Johnson, with the result shown in Figure 9 . There is no evidence at all that such a summation is carried out in the cerebral cortex, but the analysis shows that a very precise signal for direction could be extracted from a population of imprecise elements. How precise that might be is shown by the graph of Figure 10 ( Steinmetz et al., 1987) .
We found in our earliest experiments that the angle of gaze influenced in a powerful way the fixation, tracking, and saccade cells of the inferior parietal lobule. Andersen and I discovered that this is true also for PVNs ( Fig. 11 ; (Andersen and Mountcastle, 1983) . Andersen has exploited further the angle of gaze effect, and described in a number of important reports the results of several experiments made in the lateral intra- This initial coordinate transform is thought to be combined with others for converting it to a body-centered frame. Andersen has enlarged this general hypothesis to include the concept that the parietal system is part of an essential sensory-motor interface dealing with intentions, an idea that fits with Sakata's results, as well as with those of Lacquaniti and Caminiti.
The problem of spatial constancy is a vexed one of long standing in visual science. Many investigators, like Andersen, follow the idea that the stability of the visual world seen through constantly moving eyes depends upon a series of coordinate transforms from retinal to orbital to body space, and so on. Colby et al. present, in their article on pp 470-481 of this issue, evidence they believe supports quite a different hypothesis, that each saccadic movement of the eyes evokes concurrently a rotation of the central representation of the visual field, so that objects within it remain in a constant spatial position relative to head and body. That is, in their own words, that "stored visual information is remapped in conjunction with saccades. Remapping of the memory trace maintains the alignment between the current image on the retina and the stored representation in cortex." This is a novel and interesting idea that deserves continued study. It is reminiscent of the old observation that a voluntary effort to move the eyes in the direction of a paralyzed extraocular muscle evokes a transient rotation of the visual field. How this general area of study will play out is still uncertain, but it will certainly provide fruitful opportunities for future research.
This problem of spatial constancy and the associated one of coordinate transformation both here and in the motor sphere are among the most difficult of the many difficult problems in the study of the neocortical mechanisms in the higher functions. Progress has been slow, particularly, I believe, because of the complexity and diversity of the neuronal operations that have been observed in the posterior parietal cortex. How to sort them out and how to put them together in a coherent and generalized scheme have, up to now, been impossible. Some investigators take the position that the inferior parietal lobule is divided into a large number of relatively small and independent cortical areas, each specialized for a particular mode of neuronal processing, and each exerting its influence upon behavior via its own particvilar set of extrinsic connections. Indeed, some evidence supports this view, but other evidence does not.
A major conceptual problem is what is to be called visual, if as is customary we define as visual something directly involved in the perception of seen objects. How, then, should we designate the large number of other cortically controlled operations in which light ("visual") stimuli play an important but perhaps not a singular role. For example, the largely unconscious "visual* guidance of the arm during the transport phase of reaching. I first encountered this problem when I observed reach neurons indiscriminantly brought to action by either somesthetic or visual stimuli. And, Andersen (pp 457-469 in this issue) has now made a similar observation, that parietal saccade neurons may be activated by either visual or auditory stimuli. This led him to the concept of the role of the parietal cortex in intentional operations, an idea with which I heartily agree. Intentionality leads, conditionally, to what I originally called the command function of the parietal system, command regarded here as something more general than impulses in motoneurons, or motor cortical cells of origin of the pyramidal tract! This brings to mind the old observation that in a distributed system command may reside from time to time in different nodes of the system, and at any one time in the node with the most and the most urgent information.
Notes
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